Abstract
2) Propagation
Ungrafted soy protein and acrylic acid grafted soy protein (AA-g-SP) were 1 57
characterized by 1 H NMR in deuterated sodium hydroxide solution to confirm the 1 58
successful grafting using an Avance 600 MHz Digital NMR spectrometer (Bruker Co. carboxylic and amine groups in grafted and ungrafted soy protein were protonated. pH values were recorded after addition of about 2 ml NaOH solution. 
77
After electrophoresis, the gel was fixed by 25 vol.% isopropanol in 10 vol.% acetic wastewater and U.S. EPA method 800, grafted soy protein (14% grafting ratio) 1 88 solution with 0.03% concentration was treated in the activated sludge for 0-5 days.
89
Here, soy protein with 14% grafting ratio was chosen because the grafted soy protein The grafted and ungrafted soy proteins were dispersed in distilled water with pH 8,
200
respectively. Both of the grafted and ungrafted soy protein solutions with 6 wt.% 201 concentration were heated at 90 °C for 30 min. After heating, the solutions were 202 respectively cast onto Teflon coated glass plated and allowed to dry at 20 °C and 65% 
Morphology of films

5
Ungrafted and grafted soy protein films were observed using a variable pressure 
Water solubility of films
220
Water solubility of films was tested according to MonoSol Standard Test Method. [35] 
221
A film with size of 2 cm x 1 cm was perpendicularly clamped into 300 ml distilled 222 water, which was stirred at 200 rpm. When half of length of film was dipped into the 223 flow of water, timer was started. Disintegration occurred when the film broke.
224
Dissolution occurred when all film fragments were no longer visible. Time was 
Adhesion properties
233
High adhesion between sizes and yarns is one of the major requirements for sizing groups before and after grafting, based on the peaks of methyl appeared at 0.8 ppm.
265
The grafted products were treated to remove homopolymer of acrylic acid
266
(polyacrylic acid). So if peak of methine groups (>CH-) was shown in the grafted soy were simulated using linear regression with r 2 higher than 0.98. Intersections of these 282 regression lines indicated transition from one process to the next.
283
The first point and the third point at around 10 ml and 40 ml in conductometric second transition point was vague. To determine the second intersection points,
286
potentiometric curves were combined. In the second portion, potentiometric titration 287 curve showed a sharp increase in slope, which could be used to clarify this point.
288
Calculation of the intersection point of conductivity and pH value on the titration 289 curve of soy protein and AA-g-SP is shown as follows. 
Effect of monomer concentration on grafting parameters
327
As shown in Fig. 3 , increasing monomer concentration increased grafting ratio.
328
Increasing concentration of monomer promoted polymerization, including graft 329 polymerization and homopolymerization. Based on the constant amount of soy 330 protein, grafting ratio increased during grafting process. Fig. 3 due to good biodegradability of low molecular weight acrylic acid homopolymers. [40] 371 Therefore, AA-g-SP (14% grafting ratio) had slightly higher COD and slightly lower
372
BOD 5 as compared with soy protein-TEA during 5 days treatment in activated sludge.
373
On the contrary, after 5 days treatment in activated sludge, PVA solution showed low
374
BOD 5 and high COD (about 400 mg/l). 
Effect of grafting ratio on tensile strength and elongation of soy protein films
389
As shown in Fig. 7 , increasing grafting ratio from 0% to 14% substantially 390 increased tensile strength of soy protein films. It was probably because that grafting of 391 acrylic acid enhanced the solubility of soy protein in distilled water at pH 8.
392
Dissolved soy protein polypeptides could be highly unfolded and more closely 393 22 interacted with each other during film forming. In Fig. 8a inter-molecular interaction, and thus showed decreased tensile strength of the films.
403
In terms of film elongation, increasing grafting ratio increased film elongation all 
Evaluation of performance properties
3
Water solubility and transmittance of films
4
As shown in time of soy protein films was substantially shorter than that in cold water (20 °C).
9
Compared to films from soy protein with 14% grafting ratio, PVA films showed about
420
190% and 55% longer dissolving time (20'18" ± 15" and 1'44" ± 7") in 20 °C
421
and 70 °C water bath, respectively. Thus, AA-g-SP films had good water solubility in 422 both cold water and warm water.
423
As to film appearance, increasing grafting ratio increased transmittance of soy fabrics showed 17.6% and 28.6% higher peel resistance, respectively, at 15% add-on, carboxyl groups and thus had comparatively higher adhesion to cotton based fabrics.
465
On the contrary, adhesion of the PVA sizes to cotton based fabrics was poor, although 466 adhesion of PVA sizes to polyester was similar to AA-g-SPI sizes. As shown in Fig.   467 10b and 10c, peel resistances of PVA sizes from cotton and polyester/cotton fabrics
468
were substantially lower than AA-g-SPI sizes. 
Abrasion resistance of AA-g-SPI sized yarns
472
As shown in Fig. 11 , AA-g-SPI sizes had abrasion resistance similar to or higher 
Conclusions
488
The casting films from acrylic acid grafted soy protein had good biodegradability, 
644
Grafting ratio of soy protein was from 1.2% to 20%. Data points with different letters 645 indicate statistically significant difference. 
